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, , &23(/+/23%(, , , , , *23$&+/23$/, ,



H&;1&(&$,-.(,(%$
$
$

4@6&-'*.)*, 3, 4@6&.$'&)*, ,,,&3, 3, 3, 3, 4@6&.-%/)*, >,

$
$

-23*$+*23$', , (23(%+(23(-, , , , , .23(*+-23*0, ,

41&,3('.)(%/"'3"1&$
3"#(*(%$

4@A.-%*%)*, 3, 4@A.&./&)*, 3, 3, 3, 3, 4@A.-/..)*, >,

!
!

-23%$+(23%$, , (23(%+(23(-, , , , , *23*%+-23*(, ,

B"%)#&$'&1(%(($
!

4;B''/0&)*, 3, 4;B'0/.')*, 3, 3, 3, 3, 4;B'.0$*)*, >,

!
!

%23($+*23(*, , &23*(+*23*&, , , , , .23*0+/23*., ,

%:4)&464%!
!
=(,/5"%/).(-#$
2(%,"(2)-#$

1"#-&%/%&)(, 1"#-&%.'0)*, 1"#-&%*'&)(, 1"#-(0(%()*, 1"#-%'$(')*, 1"#-&-'-%)*, ,
, 1"#$$(-&0*--)*, 1"#-%-*/&)*,

!
!

(23/'+(23/', (23*$0+023*$-, '23.'+'23.., /23-.+.23-., (23/$+(23/$, 023*%+/23*-, , /23&'+/23/$, *23$.+(23$&,

I*/&#")8&$3(%/".5/(,&$
!

1"#-/('&$)*+,
1"#-&0/*%)*,

1"#-&'.%()*+,
1"#-/$%(*)(, 1"#-/&$-&)(, 1"#-&00(.)*, 1"#-/$*--)*, 1"#-//$-%)*, 1"#$$*0*&$0*)*, 1"#-/*%*&)*, 1"#-&0$'*)*,

!
!

'23/-+(23/%,
%23&%+%23&&,

-23&$+*23&*,
/23%%+&23%&, %23-&+'23-*, $)$$&+$)$&-, &23&*+*23%', .23*&+'23**, (23*(+(23*&, (23$0+%23$', %23*$+%23$0,

=5%"?<!
!
$

A3."1)..&$;&1(&8(.(%$$
$

1"#$$/'/$(.0)*,
,

1"#$$/'&.0*-)*,
,

1"#$$/'&-.-0)*,
,

1"#$$/'&''$()*,
,

1"#$$/'&-/%%)*,
,

1"#$$/'&/%0.)*,
,

1"#$$/'&-.00)*,
,

1"#$$/'/$.-&)*,
,

1"#$$/'/*/'')*,
,

$
$

'23$'+*23.., (23*--+.23*.(, (23.(+&23.*, /23*-+(23(&, *23/&+*23/%, (23$.+&23*%, %23&*+*23&$, (23&-+&23&/, %23*%+/23*(,

H".;"@$,&1/)1($
$

1"#$$(0&00(')*, 1"#$$(0&-(%/)*, 1"#$$(0/$('*)*, 1"#$$(0/0&$0)*, 1"#$$(0/(&%.)*, 1"#$$(0/**-()*, 1"#$$(0/$*/-)*, 1"#$$(0/$/'-)*, 1"#$$(0&0%$.)*,

$
$

%23-'+/23-0, (23*.%+&23*'$, -23'$+-23.0, $)(0+/23*$, /23-$+.23-$, *23$.+*23*', /23((+*23($, (23&(+(23&*, (23$'+*23$.,

+(*-&1/(&$'-%(..&$ 1"#$$%$-(**$)*, 1"#$$%$-('*()*, 1"#$$%$/.-(/)*, 1"#$$%$/'*$0)*, 1"#$$%$-%-*()*, 1"#$$%$//&$0)*,
1"#$$%$/'$(()*36,
1"#$$%$/./&()*3<,
1"#$$%$/&00')*3C,

,
1"#$$%$/''*')*, 1"#$$%$/.//%)*,

$
$
$

.23-/+(23-%, (23*&*+*23*/(, *23.$+%23-0, &23&-+-23&., (23&-+*23&/, -23*.+(23*-,
(23(-+%23(/,
%23(&+(23(/,
/43*(+(43*$,

(23%$+(23(0, (23$.+&23$-,



J%/1)",",,-%$
.-,(#&1(*-%$

1"#$$*&*'%%()*, 1"#$$*&*/--()*, 1"#$$*&*.($0)*, 1"#$$*&($*(')*, 1"#$$*&((-$')*, 1"#$$*&($'/()*,
,

1"#$$*&*.&.-)*,
,

1"#$$*&(*$(()*, 1"#$$*&*-%.-)*,

$
$

-23/-+%23/., /23*(%+%23*(&, *23-/+&23-&, *23(&+*23%*, %23&0+(23&', /23%&+-23%0, 023('+(23(-, (23%-+/23%/, /23'%+/23'%,

J%/1)",",,-%$/&-1($
$

1"#$$%$'$$0()*, 1"#$$%$.&-%0)*, 1"#$$%$.'-0')*, 1"#$$%$'*/0%)*, 1"#$$%$'%*$/)*, 1"#$$%$'(&*0)*, 1"#$$%$.'.$/)*, 1"#$$%$'*&$%)*36,
1"#$$%$'(.0$)*3<, 1"#$$%$.&.0/)*,

$
$

.23/*+*23&0, (23**$+023**/, (23-(+-23-*, /23*.+&23*', -23/*+*23&0, &23(*+*23(/, *23(.+(23(-, *23&&+(23&%,
%23*$+*23$', /23$-+-23$/,

E35%,"#(/1)..&$'&/)*%$
$

1"#$$*.'*.&')*+,
1"#$$*.//(.')*,

1"#$$*.'%*0.)*+,
1"#$$*.-&%*%)*+,
1"#$$*..-**&)*,

1"#$$*.'*$&.)*, 1"#$$*.'&'*/)*, 1"#$$*.'(%-&)*, 1"#$$*...*.0)*,
1"#$$*./../*)*36,
1"#$$*.-.0'.)*3<,
1"#$$*.-'$-/)*3C,

1"#$$*.-($$()*, 1"#$$*.--/--)*36,
1"#$$*.//'-0)*3<,

$
$

*23.%+*23.&,
/23&(+/23&(,

$+$,
$+$,
$+$,

%23.(+(23.*, *23&&+&23&&, -23/-+(23//,
, %23-&+&23-',

%23%(+*23%&,
*23%-+*23%/,
043(0+&43(0,

*23/'+023/', %23(/+.23((,
%23(*+.23*',

J15D&$%&/(;&$
$

!"#$$*$/&$**)*, !"#$$*$&%/'()*, !"#$$*$/$0'')*, !"#$$*$//(/-)*, !"#$$*$-.00/)*, <6D%-$%.)*, !"#$$*$//&(-)*36,
!"#$$*$&'(-&)*3<, !"#$$*$&%/&&)(, !"#$$**.%*(*)*,

$ (23.*+(23.$, $+$,
, '23.(+*23.*, -23&0+*23&', .23/(+(23/*, *23-$+%23-*, &23(.+&23(.,

023(%+*23(/, *23$0+(23$-,
*23*$+(23*-,

,
,

K)&$#&5%$
$

!"#$$**&*(/-)*+,
!"#$$**&$&..)*+, !"#$$**&(&.0)*, !"#$$**$/$-0)*, 1"#$$'-/$-*-)*,

, !"#$$**/$/0$)*, 1"#$$'-.0(**)*,
, !"#$$**&0-0.)*, !"#$$**&''-')*, !"#$$**%*--&)*,

$
$

&23*%%+023*%-,
*23.(+/23.%, $+$, -23.%+(23.(, 023((+(23(-, &23/%+(23/%, &23*.+&23*&, &23(&+(23($, /23/$+(23&0, %23($+*23*0,

H(/(%$;(*(>)1&$
$

1"#$$((.%/0()*, 1"#$$(('&''()*, 1"#$$((.'(&-)*, 1"#$$((.%$-0)*, 1"#$$((.-%-&)*, 1"#$$(('(&'-)(, 1"#$$((-%.&0)(,
, 1"#$$(('&.--)*, 1"#$$((.%.'$)*,

$ &23.$+(23-0, $+$, '23.(+(23.*, *23&0+%23/(, %23//+(23/&, *23((+(23((, *23(0+-23(0, (23/.+&23/&,
,
,

*23((+023(-,
$
91&8(2"'%(%$/3&.(&*&$

!"#*0-''()*, !"#*.'*/.)(, !"#/-%-..)*, !"#($$-/%)(, !"#*'*%&')*, !"#*.''.()(, !"#-'%%*%)(, !"#*0--0/)*, !"#0.&.0%)*+,
!"#*'-0&')*,

$ (23-0+'23-0, $+$, .23.%+(23.(, &23&/+'23/*, %23/&+'23/&, *23-*+(23/., /23%*+(23%%, %23/%+*23/(,
,

023*'+%23*.,
(23*&+-23*&,

,
$
E"'-.-%$/1(,3",&1'&$
$
$

1"#$$(%*&$/')*+,
1"#$$((0'&*/)*,

1"#$$((00-%$)*+,
1"#$$(%$&*'$)*,

1"#$$(%$./'-)*36,
1"#$$(%$$'&*)*3<, 1"#$$(%*00/-)*, 1"#$$(%*.$$()*36,

1"#$$((0'0%*)*3<, 1"#$$(%$'$/-)*, 1"#$$(%*'%*%)*, 1"#$$(%(&(.&)*36,
1"#$$(%$'-&$)*3<,

1"#$$(%*0(//)*36,
1"#$$(%(/%'')*3<,

$
$

*23.$+&23-0,
(23-0+%23-',

.23*-.+(23*-.,
'23'*+*23'/,

023.(+/23.*,
&23/-+(23/%, -23&%+&23&(, -23//+.23/&,

/23/&+/23/%,
/23-&+*23-&,

, /23%(+(23%&, %23/%+(23/(,
(23/(+*23/*,

%23($+(23*0,
*23*0+-23*0,

$
G(,(*-%$,"##-*(%$
$

1"#$$(/*../&)*, 1"#$$(/*./(*)*, 1"#$$(/($.%*)*, 1"#$$(/*-%&.)*, 1"#$$(/*('%*)*, 1"#$$(/%*0&-)*, 1"#$$(/%%.%-)*,
, 1"#$$(/*&%-$)*, 1"#$$(/($$//)*,

! *23.*+-23.$, $+$, *23.%+*23.(, *23&/+*23&., .23//+*23/%, %23-&+*23-$, *23%/+*23%&, .23/0+(23//, &23(*+%23($,



!
)@'%A%?<!
!
415'&*"%"#&$,1-D($
$

1"#'*.&-.)*, 1"#'$.0/&)*, 1"#'$'---)*,
, 1"#'*$(*$)*, 1"#'$&.0%)*, 4E7('/0%)*, 1"#'*%/*.)*,

, 1"#'*(..')*, ,

$
$

%23/'+(23/., *23.%+.23'*,
,

/23/%+(23/(,
, *23*.+(23*', (23%$+*23%(, '23$.+.23$-, $)$(&+$)$*$, *23(/+/23(/, ,

L)(%3#&*(&$2"*";&*($
$

1"#$$%'/0(%')*, 1"#$$%'-/(//)*, 1"#$$%'-*%%%)*, 1"#$$%'-(.-')*, 1"#$$%'-$.'%)*, 1"#$$%'/00-()*, 1"#$$%'-**%')*, 1"#$$%'/.0.')*, ,

$
$

&23/&+(23//, *23.(+/23.., %23//+(23/%, -23(*+023($, %23%-+*23%&, -23$-+-23$-, $)*.+*F(, 023(%+(23(*, ,

L)(%3#&*(&$#&M"1$
$

1"#$$*-'*..$)*, 1"#$$*-'-.$-)*, 1"#$$*-'%./&)*, 1"#$$*-'&-&()*, 1"#$$*-'%*0.)*, 1"#$$*-'(%//)*, ,
1"#$$*-'*/(')*, 1"#$$%.(*-0*)*, 1"#$$*-'(/&$)*,

$
$

%23/&+*23/&, &23-0+.23.-, &23/(+*23/%, -23((+'23(*, (23%/+023%&, '23$&+*23$/, $)&(+$)*$, &23((+'23(*, $)$$(+$)(*,

B&)6.)1(&$61-8)1($
$

1"#$$(-.'/'&)*, 1"#$$(-.0(&%)*, 1"#$$(-'%%%&)*, 1"#$$(-'$&%/)*, 1"#$$(-.&0.%)*,
, 1"#$$(-'$-(/)*, 1"#$$(-.0'.-)*, 1"#$$(-..(-0)*,

, 1"#$$(-.%&/')*,

$
$

*23-/+-23-., /23*$-+.23*$0, /23.-+-23./, &23&(+&23&*, &23$/+'23$/, %23%0+*23%., $)$&/+$)$/*, .23%%+'23%(,
, *23$0+(23$',

$
:(&12(&$.&#8.(&$
$

1"#$$*.$'%.*)*, 1"#$$*.$&$/&)*, 1"#$$*.$//$/)*, , 1"#$$*.$'&-%)*, , 47D0/&.$)*, , ,

$
$
$

.23%'+'23%., -43$&+'43$&, .23%*+-23%$, , (23(/+.23(/, , %43$&+/43$&, , ,

41(,3"#"*&%$;&6(*&.(%$
1"#$$*%($%&*)*+,
1"#$$*%(*&$-)*+,
1"#$$*%*0*.$)*+,
1"#$$*%('$%&)*,

1"#$$*%*'0$-)*+,
1"#$$*/'*''*)*+,
1"#$$*%*.&%$)*,

1"#$$*/'(0&.)*, 1"#$$*%*00..)*, 1"#$$*%($%&.)*, 1"#$$*%%$&(0)*,

1"#$$*/.0&'*)*36,
1"#$$*%*$/$.)*3<,
1"#$$*%$&%*()*3C,
1"#$$*%*&-%.)*3D,
1"#$$*%%$/.()*34,

1"#$$*%(*%./)*36,
1"#$$*%%$-0.)*3<,
1"#$$*/'&*(%)*3C,
1"#$$*%(0'0%)*3D,
1"#$$*%$.*--)*34,

,

1"#$$*%$$-00)*,

!
!

'23%.+%23%-,
*23%/+*23%/,
-23%/+(23%.,
*23%%+'23%%,

*23(%+%23(',
(23(*+*23(/,
'23*'+(23*.,

,
.23/*+%23/$, $)$0*+$)(*, (23%.+*23%., $)$(*+$)$0$,

&23%'+/23&$,
*23(0+/23(0,
*23(.+.23(.,
.23*0+*23*0,
%23**+023**,

&23(&+(23(%,
/23(&+(23(%,
*23$0+/23$0,
.23$0+%23$',
'23$0+&23$',

,
,

-23$'+(23$.,
,

'3;4:%5A)45%?%!
!
$
E)1N(*%-%$#&1(*-%$
$

1"#$$(.'//0$)*, 1"#$$(..%0$-)*, 1"#$$(.-.%00)*, 1"#$$(.-./(0)*, 1"#$$(.'//*.)*, 1"#$$(..&0$%)*, 1"#$$(.-./$()*, 1"#$$(..''-.)*, 1"#$$(..-.0')*36,
1"#$$(.-/($%)*3<,

$
$

&23-&+-23-%,
, *23/.+023-(, 023/%+023//, 023*/+'23*&, (23&%+&23&(, -23($+.23($, *23(&+*23(%, &23(-+'23(/, /23*.+023*',

.43$&+$)$$.,



!

!
!
!
!
!
!
!

$
$
4"@"'.&%#&$6"*2(($
$

1"#$$(%.$.(')*, 1"#$$(%--$/.)*, 1"#$$(%-'&*/)*, 1"#$$(%-.-/.)*, 1"#$$(%-/*(*)*, ,
, 1"#$$(%-.0(.)*, 1"#$$(%-/*'&)*, 1"#$$(%-/((')*,

$
$

&23/&+/23/%, %23-*+*23/', (23/'+'23/', 023$-+/23$/, 023**+%23*$, , &23*.+%23*-, (23%(+*23%(, (23**+*23$.,

E.&%#"2(-#$>&.,('&1-#$
$

1"#$$*%&.%(*)*, 1"#$$*%/$'(')*, 1"#$$*%/*$(/)*, , 1"#$$('$''*&)*, ,
, 1"#$$*%&00.%)*, , 1"#$$*%&0&%%)(,

$ *23%/+'23&&, .23(/+(23(%, 023%'+/23&$, , *23*0+-23*0, , &23**+&23*$,
,
,
,
,

-23$-+*23$/,

E&1&#),(-#$$
/)/1&-1).(&$
$

1"#$$*&/.%&&)*, 1"#$$*&%%-*0)*+,
1"#$$*&%-'(%)*, 1"#$$*&&&-0()*, 1"#$$*&&-%$&)*, 1"#$$*&%*-&()*36,

1"#$$*&&.$0/)*3<,
1"#$$*&(/0-')*,

, ,

1"#$$*&//-0&)*36,
1"#$$*&(/0--)*3<,
1"#$$*&&(-(.)*3C,
1"#$$*&/&(&$)*3D,

,

1"#$$*&-(%0/)*,

$
.23/.+&23/&,

,
,

*23'.+&23'-,
*23.'+(23.%, %23/0+*23/', -23$'+(23$., %23&&+&23&&,

-23&&+*23&%,
&23*.+-23*/,

, ,
*23%'+-23%',
%23%'+.23%',
(23*/+&23*/,
%23*%+%23*(,

&43$.+*43$.,

E3&)"2&,/5.-#$
/1(,"1*-/-#$

1"#$$(*.-/-.)*, 1"#$$(*'*(/')*, 1"#$$(*'*.//), 1"#$$(*'(%.%)*, 1"#$$(*.-/'0)*, 1"#$$(*'&*0-)*,
, 1"#$$(*.'0*0)*, 1"#$$(*.0&&-)*, 1"#$$(*'-&0()*,

$
%23-.+-23--,

,
,

*23*%%+%23*%&, &23.*+.23.$, %23(%+(23(*, 023&&+/23&%, '23($+/23*/, .23(&+*23((, *23%&+(23%%, /23(%+/23(/,



!"#$%"&'(
)*+# !"#$%&'(%$)*+,-).%)/!"#$%&'(%$)*+,*0-).%)/1"#2%&3(456'7,*0-).%)/8"#3)3-7*-)4%7,*0-).%)/8"#+7-%0*&,*0-).%)/8"#3-%'(-0*3*+,*0-).%)/8"#974'%:7-*+,*0-).%)/

%;)3,<5& * =">?@@ ="A>BC ="D=EB ="D@F? ="E>CC ="FBE ="C@=?
%;)3,G47 *,-./,-0/ >"C=>D >"AD?> >"?DCA ="BA@ >"FCF? >">C?? >"@EE>
%;)3,H45 *,-0/ ="BE=A ="BA@C ="@F?C >"AFBD ="E@>> ="C>A? >"DEF
%;)3,I)- *,-./,-0/ >"EB@C >"FFAF ?"=DD? >"EBED D"?AFA >"CBDF >"FF=?
%;)3,J2- *,-./,-0/ >"CD@D >"==> >"FFD@ ="AD?B >"?D@E >"?B?B ="EA@?
%;)3,K74 *,-'1'/,'-./,-0/ ="@@D@ ="BB?D ="FF@A ="?DAE >"=??> ="EA=E >"=??F
%;)3,G&: 2 >"DFA? >"A@?B ="ECA> >"D=B? ="E=AA ="CEAB ="BFB?
%;)3,H4* 2 >"FBDD >"F?DA >"DBDB ="C@=> ="FEAE ="EF?@ >">?>F
%;)3,G&0 2 ="BC?E >">?D@ >"A?>@ >"B>D@ ="EA@A >"?F>? ="BDBA
%;)3,H40 2,-'0/ ="?C@E ="F=@> >">DF> >">CDE ="C@C? ="EC?? ="AB>?
%;)3,L%& 1 =">FFC ="?BC ="?F>D ="EFE ="C>=E ="AAE@ ="AE?@
%;)3,;)3 1,.,0 ="@?BD ="C@AA ="??=? ="F?EA ="A?>B ="@ADE >"=BAF
%;)3,J5- 1,.,0 ="F?@B ="CAF@ ="DB?D ="C?CD ="AD?@ ="FBFC ="EDF?
%;)3,M5& 1,.' >"DE=C >"ACE? >"=@F@ >"DAFF ="CEDA D"EFAD >"DFD
%;)3,82) 1,. ="E@AF ="E?DB ="EBBE ="@@@D >"=CDB ="ADAC >"==@@
%;)3,N4) 1,0 ="@CEE ="@@?> ="ADD@ ="B?BD ="C=D? ="@AFC ="EBD@
%;)3,M)* 1,0 ="FAAA ="A=D ="A=> ="E>A ="@AAC ="AA@E ="EEFA
%;)3,G-O ="E>=B ="C>>F ="A@EE ="@>>@ ="EAEB >"=@E@ >"?FDC
%;)3,8-( ="?B>? ="?E>? ="AF>? ="FAE >"ACEF >">?DF ="E?D
%;)3,J-: ="DEE@ ="?F?D ="?==? ="??>A ="AC>B ="AEBB >"=EFA

!"#$%"&'3
)*+# !"#$%&'(%$)*+,-).%)/!"#$%&'(%$)*+,*0-).%)/1"#2%&3(456'7,*0-).%)/8"#3)3-7*-)4%7,*0-).%)/8"#+7-%0*&,*0-).%)/8"#3-%'(-0*3*+,*0-).%)/8"#974'%:7-*+,*0-).%)/

%;)3,P,<5& * ="F??C ="CDEC ="@>=D ="@@=? ="B?F ="CDED ="@A=A
%;)3,P,G47 *,-./,-0/ ="CD@@ ="CF?C >"=DEA ="E?=F >"==>? ="E@@A ="C@A>
%;)3,P,H45 *,-0/ ="C=@F ="C@?E ="@??A ="A@?D ="@AB? ="ACBE ="B>F>

Rui Gonçalo Martinho
Supplementary Table 2



%;)3,P,I)- *,-./,-0/ >"DA=@ >">DF? >">@=> >"?@?C >"EAEA >"DBA> >"=E=A
%;)3,P,J2- *,-./,-0/ >"DFA? >">?BF >"DF?? >"=EE@ >"??>D >"??A >"=EEF
%;)3,P,K74 *,-'1'/,'-./,-0/ ="CBB> ="ECC ="B=F> ="CDAA ="@@FC ="E>F> >"DADE
%;)3,P,G&: 2 ="BDAB ="BFAE >"=D@D ="@DC? ="BDF? ="@>BC ="B>>>
%;)3,P,H4* 2 >"D>>> >"=DB> >"D>E@ ="@=@A ="EEAC ="EAAE >"=FD@
%;)3,P,G&0 2 ="BBE? >"=B?D >"=CEB >"F@CC >"??DB >"?@=A ="@A??
%;)3,P,H40 2,-'0/ ="CB=@ ="EE?C >">??@ >"FCFA ="EC=F ="BBAF ="CCBF
%;)3,P,L%& 1 ="B>BB ="@D>@ ="B>@F ="BFB@ ="BF@@ ="B?@C ="@>CC
%;)3,P,;)3 1,.,0 ="FF=D ="C=C> ="F@@? ="FCDC ="ABA? ="CABA ="ECBC
%;)3,P,J5- 1,.,0 ="E?@@ ="@C?A ="CEFD ="B>AC ="@E=C ="BFEF ="EBEF
%;)3,P,M5& 1,.' >"FAC@ >"A=FC >"=@E@ >">BD ="EBDE >"E@E> >">EDD
%;)3,P,82) 1,. >"=@D >"=EE? >"=>AF ="@BCB >">>?A >">CE@ >">FE?
%;)3,P,N4) 1,0 >"?>?E >"=BA? ="@B=> ="@@FC >">?D@ >"=D?> >"=@AD
%;)3,P,M)* 1,0 ="@@ ="@BE? ="@?BF ="E>C? ="EB>B ="@E@@ ="B@D@
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Supplementary figure 1. All six major human NAT complexes (NatA-F) 
were most likely present in the Last Eukaryotic Common Ancestor 
(LECA). 
Catalytic and regulatory subunits of all six major human NATs complexes 
were identified across the eukaryotic tree of life, suggesting they were all 
present in the LECA. NATs subunit orthologs were identified in 73 species 
representative of the eukaryotic tree of life59-63. Results are indicated 
according to reciprocal blastp E-value score ("filled dot"= E-value score lower 
than e-8; "open dot"= E-value score between e-8-e-03; "no dot"= E-value score 
more than e-03. Known subunits of H. sapiens NATs were used as reference 
for bidirectional blastp, except in the case of fungi where S. cerevisiae NATs 
were used instead9, 83. Black dot indicates NAT was identified using H. 

sapiens ortholog; orange dot indicates that NAT was identified using S. 

cerevisiae ortholog; green, red, yellow and blue dots indicate that NATs were 
identified, respectively, using the phylogenetically closest plant, 
chromalveolata, excavate and microsporidia species ortholog. In the case of 
species-specific gene duplication, the number of dots is equivalent to the 
number of identified NAT paralogs. Phylogenetic distribution shown in this 
figure was previously reported59-63. 
 
Supplementary figure 2. Identified orthologs of Naa10 and Naa50 are 
most likely catalytically active. 
Three major catalytically active residues in Naa10 (α1–α2 loop ʻEʼ; β5 helix 
ʻRʼ; β6-7 helix ʻYʼ) and two in Naa50 (β4 helix ʻYʼ; β5 helix ʻHʼ) were recently 
described64, 65. Presence of the key catalytically active residues of Naa10 (E, 
R, Y; Glutamic acid, Arginine, and Tyrosine) and Naa50 (Y, H; Tyrosine and 
Histidine) is indicated for 27 species representative of the eukaryotic tree of 
life. Substitution of these canonical catalytically active residues is displayed by 
showing a distinct amino acid at the respective position. Phylogenetic 
distribution shown in this figure was previously reported59-63. 
 



Supplementary figure 3. Identified orthologs of Naa10 and Naa50 in 
fungi, microsporidia, and excavata are most likely catalytically active. 
Three major catalytically active residues in Naa10 (α1–α2 loop ʻEʼ; β5 helix 
ʻRʼ; β6-7 helix ʻYʼ) and two in Naa50 (β4 helix ʻYʼ; β5 helix ʻHʼ) were recently 
described64, 65. Presence of the key catalytically active residues of Naa10 (E, 
R, Y; Glutamic acid, Arginine, and Tyrosine) and Naa50 (Y, H; Tyrosine and 
Histidine) is indicated for 29 species (thirteen fungi, ten microsporidia, six 
excavata). Substitution of these canonical catalytically active residues is 
displayed by showing a distinct amino acid at the respective position. 
Phylogenetic distribution shown in this figure was previously reported59-63. 
 
Supplementary figure 4. Orthologs of Naa10 were not identified in 
several species of birds. 
Orthologs of Naa10 (the catalytic subunit of NatA) were not identified in Gallus 

gallus (chicken), Meleagris gallopavo (turkey), Taenopygia guttata, Ficedula 

albicollis, and Melopsittacus undulatus (budgerigar). This absence was further 
confirmed by HMMER (data not shown). Naa10 orthologs were nevertheless 
identified in Falco cherrug (falcon) and Anas platyrhynchos (duck). Orthologs 
for Naa15 (regulatory subunit of NatA) and all other NATs subunits were 
identified in seven avian species representative of the major clades of birds 
phylogenetic tree91. Results are indicated according to reciprocal blastp E-
value score ("filled dot"= E-value score lower than e-8; "open dot"= E-value 
score between e-8-e-03; "no dot"= E-value score higher than e-03. In the case of 
species-specific gene duplication events, the number of dots is equivalent to 
the number of identified paralogs. Phylogenetic distribution shown in this 
figure was previously reported60, 63, 91. 
 
Supplementary figure 5. Lack of detectable residue usage frequency 
bias for the N-terminal third, fourth, fifth and sixth position. 
Fold enrichment heat maps of each amino acid usage frequency at the N-
terminal third (A), fourth (B), fifth (C), and sixth (D) positions when compared 
to the total proteome. When compared to the N-terminal second position (Fig. 



5), the N-terminal third, fourth, fifth, and sixth residues positions show 
significantly less amino acid usage frequency biases across the eukaryotic 
tree of life. Amino acid usage frequency bias for each N-terminal position was 
analyzed by calculating the amino acid usage frequency for each position 
divided by its frequency in the total proteome (for more experimental detail 
see material and methods). The fold enrichment heat map shows the over-
representation range (>1) of each amino acid at the N-terminal 
third/fourth/fifth/sixth positions when compared to the total proteome. For each 
species and for each amino acid, it was attributed a black color (≤1.0) when 
the amino acid is under-represented in the N-terminal third/fourth/fifth/sixth 
positions compared to its total proteome usage frequency. A detailed 
breakdown of the values used in this heat map is shown in Supplementary 
Table 2. 
 
Supplementary table 1. Protein accession numbers and reciprocal blastp E-
value scores for all identified NATs. 
 
Supplementary table 2. Fold enrichment values of each amino acid at the N-
terminal second, third, fourth, fifth, and sixth positions when compared to total 
proteome usage. 
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